The processing of coffee beans generates large amounts of solid and liquid residues. The solid residues (pulp, husk and parchment) represent a serious environmental problem and do not have an adequate destination. In this work, activated carbons (AC) for adsorption of organic compounds were respectively. Thus, a good adsorbent was obtained from coffee pulp, an abundant Brazilian residue.
INTRODUCTION
In Brazil, the coffee fruit processing is one of the most pollutant activities in agriculture due to a large amount of bean production (2.4 million tons/year). Each kilogram of processed coffee yields a kilogram of waste (Lu et al. ; Conab  Q1 ). This large amount of coffee waste (husk, parchment and pulp) has to be controlled, since its inadequate disposal can contaminate water resources and soils. This motivates the search for obtaining value-added products from coffee waste, such as activated carbons (AC), as well as the attempt to solve some environmental problems (Pandey et al. 2000 Q2 ). AC have been extensively used as adsorbents and as catalyst supports in a variety of industrial and environmental applications such as hazardous pollutant removal. Commercial AC are widely used, but their high cost leads to explore alternative raw materials like agricultural and wood wastes such as coconut husk fiber, fruit kernels, rice husks, leather, jute and coffee wastes that appear to be economically more attractive in some countries due to their availability (Mohan et Goncalves et al. ) . However, information on coffee husk activated with Na 2 HPO 4 is very scarce. The aim in this work is the study of the activation of coffee pulp with Na 2 HPO 4 and its utilization in organic pollutants removal, such as direct red (DR), methylene blue (MB) and phenol. One commercial AC from Merck was used to compare with the prepared AC in the adsorption of these contaminants from aqueous medium.
EXPERIMENTAL Preparation of activated carbons
To prepare the AC, 10 g of coffee pulp (dried at 100 W C for 24 h) was mixed with different amounts of disodium hydrogen phosphate (Na 2 HPO 4 ), in order to obtain the impregnation ratios (pulp:Na 2 HPO 4 ) 4:1 X-ray photoelectron spectroscopy (XPS) was used to examine the surface chemistry. The measurements were performed with a spectrometer (Kratos Analytical XSAM 800 cpi) with Mg Kα radiation (1,253.6 eV) as the X-ray source.
Adsorption tests
The AC were used in adsorption tests in aqueous solution with three well-known organic pollutants: MB organic dye, DR organic dye and phenol. The adsorption tests (three replications) were conducted in a batch system with solutions of 25, 50, 100, 250, 500 and 1,000 mg L À1 of the organic pollutants. To obtain the adsorption isotherms, the solutions (10 mL) were left in contact with the adsorbent materials (10 mg) for a period of 24 h and then they were centrifuged at 8,300 g for 25 min. The collected supernatants were analyzed by UV-visible spectroscopy (Biosystems SP-2000) at the following wavelengths (λ max. ): 665 nm for MB, 543 nm for DR dye and 275 nm for phenol.
RESULTS AND DISCUSSION
Characterization of the activated carbon (AC)
The nitrogen adsorption/desorption isotherm and pore distribution are shown in Figure 1 and the textural properties (specific surface and pore volumes) are shown in Table 1 .
The nitrogen adsorption/desorption isotherms showed isotherm types I and IV. The hysteresis is attributed to the adsorption by mesoporous materials (Sing et al. ) . However, important adsorption at low and intermediate relative pressures is also shown, indicative of the simultaneous presence of micro and mesopores (Figure 1 ).
The chemical activation by different quantities of Na 2 HPO 4 produced materials with different characteristics (Table 1 ). The specific surface area increases with the increasing of activating agent mass proportion (pulp/Na 2 HPO 4 ) ratios until 5:4, producing an AC with 450 m 2 g À1 and micro-mesoporous carbons (V N2 ¼ 0.17 cm 3 g À1 and
). These proprieties are comparable to other ACs from coffee waste reported in the literature by Nabais et al. (a, b) with surface area of . The ACs ash contents are low (about 3%), this can be due to Na 2 HPO 4 residues (confirmed by XPS analysis). The elemental analysis results (Table 1) showed an increase of carbon content and a decrease of oxygen contents after activation, however, it did not show a significant difference between different ACs.
The profile of XPS spectra in the O1s region of AC 4:1 and AC 2:1 are similar, as well as the profiles for AC 5:4 and AC 1:1. Figure 2 shows the profiles for AC 4:1 and AC 1:1.
The O1s AC spectrum was fitted to three peaks: Peak I 530.7-531.2 eV, corresponding to double bond oxygen in quinones, carbonyl groups or O ¼ P; Peak II 532.5 eV, corresponding to C-OH of phenol and alcohol groups; and Peak III 534.2 eV, characteristic binding energy of carboxylic groups (Puziy et al. ) . These groups are very important in the adsorption process, especially for polar molecules, such as those evaluated in this work.
The amount of oxygen quantified by XPS analysis is less than that quantified by elemental analysis. This may be due to differences between the techniques; XPS is only a superficial analysis.
In summary, the physicochemical characterization of the ACs prepared in this work showed that they presented high surface area, with the presence of meso and microporosity, together with oxygen-rich surface groups.
Adsorption tests
Liquid phase adsorption applies to many processes, the wastewater treatment being one of the most relevant.
Textile dyes and phenol are relatively large pollutants from industrial processes. In this work two dyes and phenol were used in the adsorption tests. MB is a cationic organic compound, medium sized; most used as a model compound in aqueous solution (Stavropoulos & Zabaniotou ) . DR is an anionic dye of large size. It is most used in the textile industry. Phenol is a small molecule, very toxic and carcinogenic, not biodegradable, so when it is discharged into wastewaters it presents a serious environmental problem. Figure 3 shows the molecular structure of all contaminants (a) and the influence of initial pH on the adsorption of contaminants onto AC 5:4 (b).
The results suggest that the adsorptions of dyes and phenol in aqueous solution are highly dependent on solution pH. The increase of DR adsorption under acid conditions may be explained by preference of anionic molecules for acid sites and their easy accessibility in the AC pores (Ugurlu et al. ) . For cationic species (MB), an increase of pH increased the color removal, due to the electrostatic attraction between the AC surface and the dyes. The phenol adsorption shows an optimum pH value of 2. The other pH values evaluated did not show significant differences. This is due to the phenol pK a value (9.8), in pH 2, where there is no electrostatic repulsion between the non-ionized phenol and the positively charged surface (Kennedy et al. ) . The oxygen and phosphorous of surface groups are highly affected by pH, consequently, this can have an influence on the AC adsorption capacity.
However due the difficulty of pH control for 24 h we performed all experiments in the natural pH of the solution.
The adsorption isotherms for dyes on the AC surface are shown in Figure 4 . The maximum adsorption of MB (Figure 4(a) ) obtained for AC 5:4 and AC 1:1 were 150 and 110 mg g À1 , respectively. This difference can be due to the higher surface area of AC 5:4. Adsorption isotherms can be classified as type L or Langmuir model, it is a typical model for monolayer adsorption. For DR, the more efficient removal was obtained at AC 5:4 and AC 1:1 with adsorption capacity of approximately 120 and 98 mg g À1 , respectively. The adsorption capacity is higher than commercially AC (Merck) with maximum of 70 mg g À1 . This is probably due to the pore diameters shown for AC 5:4 and 1:1, 20 and 24 A, respectively. The adsorption isotherms for the phenol on the AC are shown in Figure 5 .
There are three types of interaction between the carbon surface and phenols (a) dispersion effect between the aromatic ring and the π electrons of the graphitic structure; (b) electron donor-acceptor interaction between the aromatic ring and the basic surface oxygens; (c) electrostatic attraction and repulsion when ions are present (Kennedy et al. ; Lu et al. ) . When the concentration of the oxygen atoms is relatively high, the specific interaction between the water molecules and the surface sites must also be considered, since it results in the depletion of the phenol adsorption sites. The Langmuir type means that the aromatic ring adsorbs parallel to the graphitic surface, and there is no strong competition between the adsorbent and the solvent to occupy the surface sites. The best adsorbent AC for phenol was 5:4 or the AC with the highest specific surface area. The linearized Langmuir parameters showed very good correlation (Table 2  Q4 ). The adsorption of carbon prepared in this work is similar to that reported for the adsorption of acid orange 10 dye onto AC prepared from agricultural waste bagasse (Tsai et al. ) , by the MB adsorption on AC prepared from food sludge (Mahapatra et al. ) and dyes and phenol adsorption onto carbon cryogel microspheres (Kim et al. () .
CONCLUSION
The coffee pulp waste is a very interesting precursor for AC preparation; therefore we added value to an abundant waste. The results presented in this work show that an AC with high amount of mesopores and oxygen surface groups can be obtained in a very simple method and with a low proportion of activating agent.
The AC showed high removal capacity for organic contaminants in aqueous medium. In summary, we obtained an AC from a waste with good characteristics: high micro and mesoporous content with adsorption capacity for large and polar molecules.
